The large flow of sap which occurs under special conditions from the severed vessels of the sugar maple, Acer saccharum, and some other species of Acer, has been known for centuries. Work at the University of Vermont (6, 7, 8) , which has been in progress for over fifty years, has dealt with many phases of this subject yet little attention has been given to the nitrogen compounds occurring in sap. The present investigation utilizes, apparently for the first time, recently developed techniques of paper chromatography to characterize some of the nitrogen compounds occurring in the sap. This represents a joint effort of the University of Vermont and Cornell University.2
The first reported figures for the nitrogen content of maple products were those of Hortvet (5) Thompson and Steward (14) . Since qualitative tests for nitrate were negative, confirming the observation of Holgate (4) , total N was determined by the standard Kjeldahl-Gunning method.
Partial precipitation of the soluble nitrogenous compounds was effected with mercuric nitrate reagent prepared according to the directions of Vickery (15) . After washing, this precipitate was decomposed by suspension in 40 % ethanol and treatment with H2S for 2 hours while stirring the suspension vigorously. HgS was centrifuged off, and the acidic solution neutralized. Aliquots were removed for determination of total N, amino acids, and easily hydrolyzed N (2 N H2SO4 for 2 hrs at 1000 C). Another aliquot was removed for strong acid hydrolysis and subsequent chromatographic determination of the freed amino acids.
The ninhydrin method of MNoore and Stein (10) for amino acids with unsubstituted amino groups and for ammonia was modified for use as a semi-quantitative assay for the sum of these groups. The modification consists of reacting a sample containing amino acids or ammonia with ninhydrin as described by Moore and Stein. The color developed is compared with ammonia standards, and the N so determined is then expressed as ammonia N.
A similar sample of maple sap concentrated by boiling was subjected to a partial analysis using some of the preceding methods. RESULTS ALCOHOL SOLUBLE NITROGEN: 48.8 mg of alcohol soluble N, representing 81.6 % of the N in maple sap, was sub-divided into three fractions as shown in figure 1. These fractions are, first, 25.8 mg of the soluble N precipitated by mercuric nitrate and resolubilized by treatment of the precipitate with H2S, second, 7.1 mg of soluble N which is precipitated by mercuric nitrate but is not returned to solution by H2S treatment, and third, 15.9 mg of soluble N representing 34 % of the total soluble N, which is not precipitated by mercuric nitrate. This latter fraction, containing all of the sugar, has not been analyzed further.
Direct hydrolysis of the mercury precipitate without prior treatment with H2S yielded the array of amino acids shown in column 2 of table I. Of special note is the presence of proline, hydroxyproline, and cysteic acid, the absence of any basic amino acids, and the absence of aromatic amino acids. Since the presence of mercuric ion during hydrolysis fosters oxidation (for example, cysteine appears as cysteic acid), these chromatographic results are qualitative.
As shown in figure 1 , much of the N in the mercury precipitate is liberated on treatment with H2S, yet direct chromatography of the nitrogenous compounds so liberated shows, as summarized in column 3 of table I, only traces of amino acids, a notable absence of the amides, glutamine and asparagine, and a single, large, intense spot. The latter spot, the position of which is shown in figure 2, reacts slowly with ninhydrin, the color becoming more intense on standing at room temperature for several days. That this spot does indeed represent a peptide is shown by its disappearance on acid hvdrolysis with the concurrent appearance of 7 or 8 amino acids. As shown in column 4 of table I, threonine occurs in very small amounts even after acid hydrolysis and it is quite possible that this compound does not occur in the As shown in table I, column 1, chromatography of the alcohol insoluble fraction after hydrolysis shows only a partial array of the amino acids which would be expected if this material were truly protein in nature. Of special interest is the apparent lack of aromatic amino acids in this fraction. Many of the qualitative tests for protein are based on the presence of aromatic nuclei in the protein molecule. This accounts for the apparent failure of others to detect the more complicated nitrogenous compounds in maple sap by the use of the xanthoproteic test, Millon's reaction, or the glyoxylic acid test.
Since the alcohol soluble fraction lacks so many of the amino acids normally considered to be integral parts of the protein molecule, it seems best to be cautious in designating this material as protein; on the other hand, it contains a wider range of amino acids than would normally be expected to occur in a simple peptide. Since no estimate of the molecular weight is available, it seems best to leave open the question of whether or not a very peculiar protein or an equally peculiar peptide or mixture of peptides is present in maple saps.
SYRUP: Certain analyses were made to show the nature of changes occurring in the sap during the boiling process. However. a complete analysis of maple syrup was not carried out.
During boiling of the sap a scum of high N content floats to the top of the solution. Kjeldahl analysis showed this scum to contain 3.8 % N on a dry weight basis, and if corrected for ash, approximately 10.5 % N is present. Chromatographic analysis after hydrolysis showed the presence of the same array of amino acids which was found in the alcohol insoluble fraction of whole sap. Since boiled sap shows no alcohol insoluble N, apparently this so-called proteinaceous material in whole sap is denatured and floats to the surface of the dense, syrupy solution.
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DISCUSSION
The chief difficulties encountered in this investigation arose from the fact that the N content of maple sap is very low in comparison with its sugar content. The alcohol soluble fraction of the sap contains nearlv 7,500 times as much sugar as N, hence recourse was taken to the mercuric nitrate precipitation in an effort to separate sugar and nitrogenous compounds. While this separation was not complete, as shown in figure 1 , it made possible at least the partial analyses given.
The physiological significance of the nitrogenous compounds found is open to discussion. Certainly, occurring in the xylem sap as they do, they cannot be an active part of the metabolic pool of the plant, though they are doubtless subject to movement, and may well be reabsorbed and utilized by the living cells. On the other hand, there are reports by Bois and Nadeau (1) and Meusse (9) of enzymes occurring in maple sap. Any enzymic material would certainly show up in the alcohol insoluble fraction as protein, yet the analyses given made the identity of this fraction with a true protein rather doubtful.
It is apparent from the data that all of the N is not accounted for in the analyses given. The unaccounted N is not inorganic and remains unexplained. Plouvier (12) and Echevin, Brunel, and Sartorius (3) both found large amounts of allantoin in the green leaves of a variety of different members of the genus Acer, yet qualitative tests (using pdimethylaminobenzaldehyde) failed to indicate this or other ureides in the sap or in the fraction containing most of the easily hydrolysable N. The relatively large amount of easily hydrolysable N suggests the possible presence of amides of organic acids. Although no direct evidence of this exists, the organic acids themselves, especially malic acid, are present in large amounts (11) . Porter et al (13) have in fact shown that at least 14 organic acids other than amino acids are, present in maple sap. Since their procedure was a chromatographic one, it is not impossible that some of the spots shown could be halfamides of dicarboxylic acids. SUMMARY 1 2. When maple sap is concentrated to syrup by boiling, a scum arises to the surface. Since this scum contains the same array of amino acids found in the alcohol insoluble portion of whole sap and since boiled sap contains no alcohol insoluble N, it is probable that this scum represents the alcohol insoluble N present in sap prior to boiling. During the boiling process, the alcohol soluble peptide is partially broken down to free amino acids and to lower peptides.
3. There is at present no clue to the ultimate origin of these nitrogenous compounds and to their relation, if any, to the problem of sap flow.
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